Hydromorphological pressures in rivers by Clausen, B. et al.
M฀ ฀^ z~}yw฀{{฀฀{
฀ X{{฀Yw{B฀cy~w{฀ZxwB฀dw฀\x{}฀wz฀W{{฀XwwCf{z{{
MDG฀_zy
m~฀ ~{฀ z฀ v~z~}yw฀ {{=฀ {฀ z{wz฀ w฀ y~w}{฀ yw{z฀ x฀ ~w฀
£{y{฀฀{~{฀~{฀£฀{}{฀>~z}?฀฀~{฀~}฀|฀~{฀{w฀~w฀w||{y฀~{฀
xwD฀j~{฀฀w฀~z~}yw฀{{฀w{P
©฀฀xz}฀|฀zw฀฀{฀|฀~z{B฀w{฀฀฀~{฀{
©฀฀ywww฀wzE฀z{z}}฀|฀{฀฀{w฀฀{฀zww}{฀฀|฀w}w
©฀฀{{z฀y}฀฀{฀zww}{
©฀฀wxwy฀|฀w{฀z{y฀|฀~{฀{w฀฀|฀}zw{฀|฀w{฀฀฀
}wB฀฀z{฀>{D}D฀|฀~z{฀฀}w?D
e~{฀ £{y{฀ ~w฀ w{฀ ฀ z{yx{z฀ ฀ z{w฀ ~{{฀ yz{฀ xwwB฀ w||{wE
z{|{wB฀zw}฀|฀{wz฀>}?B฀w฀wz฀฀|฀w{฀|฀z{฀~{฀{฀
xw฀฀y{w{฀{฀zy~w}{฀w฀z฀{zB฀wz฀~}~฀zy~w}{฀|฀w{฀{w{฀w฀฀
w฀{฀xwD฀
MDH฀Zw฀wz฀{฀
j~{฀ {฀ vz{=฀ ฀ |{฀{z฀ ฀z{yx{฀w฀ y{฀ ~w฀ w{฀ {฀w{฀ {{D฀
bw}{฀~{}~฀y{฀>|{฀{{z฀zw?฀w{฀x฀฀z{฀w฀~zwy฀~{wz฀฀}{{w{฀
{{yy฀>~z{?฀wz฀฀{฀w{฀|฀}w฀wz฀w{฀D฀iw{฀~{}~฀y{฀
฀ {฀ w{฀ x฀ ฀ ww฀ w{฀ {{฀ ฀ ฀ £฀ {z฀ |฀ w}y{B฀ ~}฀ wz฀
{y{w฀wz฀฀z{฀w{฀|฀B฀~z{฀฀}wD฀Z{{z}฀฀~{฀~{}~฀|฀~{฀
z{B฀~{฀{w฀~yw฀{{฀฀y~w}{B฀y{w}฀z{~฀wz฀{{฀
{฀wz฀z{y{w}฀{y{B฀~฀w฀{||{y฀฀ ~{฀{y{D฀ _z{฀yw฀w฀
z฀ ~{฀ y{y฀ |฀ ~{฀ {B฀ w{฀ ~{฀ £฀ {}{฀ wz฀ {฀ ~{฀ {z{฀ w฀
z{wD฀ \~}฀ £฀ w฀ x{฀ {z฀ ฀ y{w฀ ฀ ¢{฀ {z{฀ |฀ ~{฀ {{฀ wz฀
z{w฀{฀x{zB฀wz฀yw฀w฀{Cy{฀~{฀x{z฀}{{wD฀
kw฀{฀{y฀z{w฀|฀zw฀~w{฀{฀wz฀{฀|{{฀£z฀~w฀~{฀ww฀
£฀{}{฀>]฀wz฀]B฀HFFG?B฀w~}~฀{฀{{{฀£z฀w{฀|{฀w||{y{zD฀j~{฀
{}฀ {฀ wwx{฀ £฀ {}{฀ wz฀ {฀ {z{฀ w฀ |{฀ {wz฀ ฀ ~}~{฀w{฀
{{w{฀wz฀ywD฀bw}{฀zw฀}{{w฀{฀~{฀{{w{฀z{wB฀~{฀y{฀
w{฀฀zw฀|฀~{฀~฀|฀~{฀z{z฀{{D฀W~{฀yw฀|{w{฀|฀{฀
z{w฀ |฀ ~z{฀ w฀ w{฀ zw฀ wz฀ {{฀ £฀ £yw฀ z{{z}฀ ฀
~z{฀y}D฀j~{฀~yw฀y~w}{฀w฀{wz฀฀y~w}{฀฀w{฀y~{D฀
fw฀wz฀ww฀w{฀w||{y{z฀x฀~{฀~yw฀wz฀y~{yw฀y~w}{D฀j~{฀~}~{฀yw฀wz฀
{zy{z฀wwx฀|฀£฀w฀{wz฀฀w฀~}~{฀wxzwy{฀|฀{~฀wz฀~}~{฀w฀
>Z{w฀wz฀\}{B฀GOOKQ฀X}}฀{฀wDB฀GOON?D฀_฀{Cy~฀{฀~{฀yy{y{฀|฀~w฀
^oZhecehef^ebe]_YWb฀fh[iikh[i฀_d฀h_l[hi฀฀฀฀฀฀฀฀GJG
GJH฀฀฀฀฀฀฀฀b_da_d]฀[Yebe]_YWb฀ijWjki฀e\฀ikh\WY[฀mWj[hi฀m_j^฀Wdj^hefe][d_Y฀fh[iikh[i
฀ w฀ y{w{z฀ z{w฀ |฀ ~{฀ zw฀ w฀ w฀ {฀ |฀ ~w฀ zy฀ ฀ ~{฀
{{D฀ X{~฀ y{฀x{฀zw฀|{฀ ~฀w฀ {zy฀ ฀ {y{฀ y~{B฀~{฀
{฀ {y{฀ y{w{฀ ฀ wxzwy{฀ >\}{B฀ GOOG?D฀ \฀ {w{B฀ {{xw{฀ ¢{฀ |{{z{฀
>{D}D฀^zy~zw{B฀izw{?฀|{฀y{w{฀฀x{฀z{w฀|฀{{D฀c}w฀
¢~฀>{D}DB฀wB฀฀wz฀{{?฀w{฀{{yw฀w||{y{z฀x฀~{฀x{w}฀|฀~{฀y{y฀|฀~{฀
{D฀ j~{฀ {wz}฀|฀~{฀ww฀}฀wz฀w฀ yw฀w฀x{฀~w{{z฀x{yw{฀|฀ ~{฀
{{฀>WwB฀GOOK?D฀
c{~z฀|฀{ww}฀~{฀{y}yw฀y{{y{฀|฀zw}
j~{฀ {y}yw฀ y{{y{฀ |฀ w฀ zw}฀ |฀ w฀ {฀ w{฀ }{{w฀ w}{฀ x{yw{฀ ~{฀ {฀
{y{฀฀y~w}{z฀฀w฀w{฀{y{฀~{{฀~{฀{{฀฀{wx~{zD฀Z{y฀|฀~{฀
{y}yw฀ wy฀ ~{{|{฀ yz{฀ x~฀ w฀ yw฀ |฀ ~{฀ {{฀ {y{฀ ~฀ ~{฀
}w฀ {฀ {y{฀wz฀w฀z{y฀|฀ ~{฀{y}yw฀ y{{y{฀|฀ ~{฀ y{w{z฀ {฀
zyD฀j~{฀{y}yw฀y{{y{฀|฀{฀w{฀w฀w{฀wz฀yw฀|{฀x{฀w{{z฀
x฀~{฀w{฀{~z฀w฀{z฀|฀w{{฀|฀~{฀y~w}{฀฀{฀~}D
MDI฀Y~w}{฀฀{฀~}
Ywww฀wz฀z{z}}
h{฀wz฀{w฀w{฀yww{z฀|฀{฀y~฀w฀w}wB฀£z฀{yB฀zww}{฀|฀
w}yw฀wz฀wz฀xwwD฀\฀{w{฀฀\wzB฀{฀{฀~w{฀x{{฀w}~{{z฀
wz฀w{z฀฀|wyw{฀w฀|฀}฀z{wD฀j~{฀w}~{}฀|฀{wz{}฀{w฀
฀{฀฀|{฀yx{z฀~฀w฀{y{฀z{z}}฀|฀z{{z฀w{w฀฀ww฀~{฀z{{z฀
{฀¢{D฀Ywww฀y~w}{฀w฀ww฀{wz{}฀{w฀~฀~z~}yw฀w{฀
฀w฀|฀y~w{฀~฀~}{{฀x{z฀xw{฀wz฀{w{฀|฀w{฀{y฀
wy฀~{฀{wD฀j~{฀y~w{฀฀w฀yy{z฀฀x{฀z{฀~w฀~{฀ww฀¢{฀฀w฀
|฀w฀w}{฀y{wy{B฀wz฀~{฀w{฀z{~฀wz฀{y฀฀z{y{w{D฀e|{฀~{฀£฀wwx฀
wz฀~{฀}~฀yz฀w฀~{฀{wx{z฀฀x{฀w||{y{z฀w฀{D฀
j~{{฀ ~yw฀ y~w}{฀ yw{฀ w฀ {zy{z฀ w{฀ |฀ ~wxw฀ wz฀ y{{฀ w฀ {฀ {y{฀
y~{฀|฀ ~{฀ {w฀£w฀wz฀ |ww฀ yw{z฀~฀zx{z฀ {w฀ >^{฀wz฀bw{B฀
GONIQ฀ WwB฀ GOOKQ฀ Z{w฀ wz฀ \}{B฀ GOOKQ฀ ]{฀ wz฀ cwB฀ GOOO?D฀ cw฀ {w฀
{{xw{฀w{฀wzw{z฀ ฀w฀ |{฀฀yw{฀ xw{฀ >{฀wz฀}w{?฀~฀~}~฀y{฀
{y{D฀WB฀~{฀wwwx฀|฀¢~฀w}฀~wxw฀฀zwwyw฀{zy{z฀฀{฀~w฀w{฀
yww{z฀wz฀z{z}{z฀x{yw{฀|฀~{฀{w฀|฀{฀wz฀}w{D฀
m{{z฀y}฀
m{{z฀y}฀฀z{w{฀฀w฀w฀wz฀{z฀{z฀{w฀฀y{w{฀~{฀zy~w}{฀
ywwy฀ wz฀{{฀ ~{฀ z}฀w{w฀ |฀ zwD฀ h{฀ {}{w฀ ฀ w{฀ |z฀
z{{{฀ ~w฀GDKCH฀{{฀wz฀{{z฀y}฀ ฀ ~฀w฀~{{฀{w{z฀฀w{฀{wD฀
m~{฀{{z฀w{฀yB฀ ~{฀w{฀ {{฀z฀wz฀~{฀w{฀{y฀ y{w{B฀~y~฀w}w฀w฀
^oZhecehef^ebe]_YWb฀fh[iikh[i฀_d฀h_l[hi฀฀฀฀฀฀฀฀GJI
y{w{฀~{฀{z{฀w฀wz฀{{w{D฀Xw฀wx฀w฀w฀x{฀{zy{zD฀^{{B฀
~{฀~yw฀y~w}{฀wz฀~{฀wy฀฀~{฀{฀{y{฀w{฀}฀z{{z{฀฀~{฀{{z฀
y}฀{~zD฀
j~{฀ {zw{฀ {||{y฀ |฀{{z฀ y}฀ ฀ w฀ z{y฀ ฀ |฀ wB฀~y~฀ {{฀ w฀ w฀ ~wxw฀ |฀
{{xw{฀wz฀w฀{|}{฀|฀¢~D฀j~{฀{฀w{฀{{฀w฀{zy{฀~{฀wwwx{฀wy{฀wz฀~{฀
~wxw฀z{D฀b}C{฀{฀|฀{{z฀y}฀y~w}{฀~{฀y฀wz฀yw฀y{฀
|฀~{฀wy~{฀yB฀~y~฀x{y{฀{฀฀{y{฀wz฀ww฀{฀~}{{D฀
WB฀xww฀y~w}{฀฀y฀w{฀yw฀z{{฀~฀w฀{~wy{z฀wxzwy{฀|฀
|wC}}฀{y{฀~฀w฀~}~฀z{w฀ywwy฀>XwwCf{z{{฀{฀wDB฀HFFI?D฀W฀{zy{z฀
z{฀wz฀yw฀y{฀|฀wy~{฀y{฀yw฀w||{y฀{{xw{฀wz฀¢~฀
y{฀ {}w{D฀ j~฀ xwx฀ {w{฀ ฀ w฀ {฀ ww฀ wz฀ {w฀ ~yw฀
~{{}{{฀D{D฀{฀w{z฀xw{฀y฀wz฀{฀w฀w}{฀|฀£฀{y{฀~฀
z{y{w}฀yw฀z{฀|฀~{฀wy~{฀y฀>]w{฀wz฀XwB฀GOOL?D฀j~{{|{฀
฀|฀wy~{฀{y{฀wz฀~}{w฀|฀y{฀w฀w฀{฀|฀{{z฀y}฀w฀
~w{฀ywywz}฀{||{y฀฀~{฀~{฀{w฀xwD
c{~z฀|฀{ww}฀~{฀{||{y฀|฀y~w}{฀฀{฀~{
c~}yw฀ yw¢yw฀ {D฀ _฀ ฀ {|฀ |฀ ~{฀ {{w฀ |฀ ~{฀ m\Z฀ ฀
y~wwy{{฀{w฀wyyz}฀฀~{฀~}D฀j~฀~}yw฀y~wwy{w฀~z฀
x{฀w}{{z฀฀x{฀w฀yww฀฀x{{{฀~{฀w~}{y฀{{฀฀~{฀{฀~}฀wz฀
~{฀{}฀wy฀฀~{฀{฀xwD฀
Z||{{฀{~z฀wz฀zy{฀w{฀{z฀฀z||{{฀y{D฀
©฀฀j~{฀Ww฀^wxw฀i{฀>m{~B฀GONMQ฀c~w฀{฀wDB฀GOOLQ฀c~w฀{฀wDB฀GOON?฀฀Ww฀
©฀฀j~{฀Zw~฀i{w฀^wxw฀_z{฀>f{z{{฀wz฀XwwCf{z{{B฀HFFI?฀฀Z{w
©฀฀j~{฀i[g฀f~{฀>W}{y{฀z{฀=[w฀wz฀c{฀z{฀=[{B฀GOON?฀฀\wy{
©฀฀j~{฀[y~}yw฀i{฀|฀bw}{฀h{฀>\{y~~wy{฀wz฀a{B฀HFFH?฀฀]{w฀
©฀฀j~{฀h{฀^wxw฀i{฀>h^i?฀>hw{฀{฀wDB฀GOON?฀฀~{฀kaD฀฀
j~{฀{~z฀{฀w฀x{฀|฀ww{{฀>y~w{B฀xwB฀£zwB฀£C{w{z?฀wz฀w฀y}฀
{฀฀{ww{฀~{฀~z~}yw฀w฀|฀{wD฀c฀|฀~{{฀{~z฀w{฀xw{z฀
฀w฀{z฀{|{{y{฀yzB฀~y~฀ ฀ z{¢{z฀฀~{฀xw฀|฀w฀ ฀{y{w}{฀|฀{฀
wyyz}฀฀~{฀~wxw฀w฀y{D฀j~฀yw{฀w฀x{฀|฀~{฀{฀|฀{฀|฀~y~฀
~{{฀w{฀฀|{B฀฀|{฀~฀฀wy฀>{D}DB฀w}{฀{?D฀
\~฀ zywD฀ j~{฀ yy{y{B฀ z{฀ wz฀ {zy฀ |฀ ¢~{฀ ฀ {w฀ w{฀ {฀y~฀
£{y{z฀ x฀ ~{฀ {w฀ ~z~}D฀ j~{฀ \Wc[฀ {yG฀ z{{{z฀ ¢~Cxw{z฀ {y฀
{{฀฀w฀{{B฀yz}฀~z~}D
G฀~PEE|w{DxDwyDwD
GJJ฀฀฀฀฀฀฀฀b_da_d]฀[Yebe]_YWb฀ijWjki฀e\฀ikh\WY[฀mWj[hi฀m_j^฀Wdj^hefe][d_Y฀fh[iikh[i
MDJ฀Wxwy฀wz฀z{฀|฀w{
mw{฀฀wxwy{z฀|฀{w฀wz฀{฀|฀w{฀฀฀}wB฀{฀w{฀z{{z฀|฀
w฀ {wB฀ wz฀ {{฀ {w฀ w{฀ w}{{z฀ x฀ w{฀ |฀ ~{฀ ywy~{฀ ฀
y{w{฀~{฀{w฀£฀|฀w}yw฀{D฀_฀~{฀yw{฀|฀wxwyB฀w{฀฀w{฀{~{฀
z{y฀ |฀ ~{฀ {wB฀ ฀ ~y~฀ yw{฀ ~{฀ £฀ ฀ {zy{z฀ {zw{B฀ ฀ ฀ ฀ w{฀ |฀
}zw{฀wz฀฀w||{y฀~{฀{w฀£B฀z{{z}฀฀~{฀zwy{฀|฀~{฀x{~{฀|฀~{฀
{w฀wz฀~{฀~zwy฀{{฀|฀~{฀{z{฀x{{{฀~{฀x{~{฀wz฀~{฀{wD฀e|{฀
~{฀~}~{฀z{wz฀yy฀฀{B฀~{฀~{฀£฀฀ww฀D฀j~B฀~{฀฀w฀
{||{y฀|฀wxwy฀ ฀฀ ~{฀ ฀£฀ {}{B฀~{฀z{฀w{฀{฀ {฀ ฀w||{y฀ ~{฀
{w฀w฀w฀{D฀h{zy}฀~{฀£฀฀{wz฀฀{฀z{~฀wz฀{y฀wz฀w฀y{w{฀฀
{{w{฀ >{{yw฀ ฀ {?B฀ wz฀ ~{฀z฀|฀ w฀฀ {zy{D฀ _฀ {฀ yw{฀
~{฀w{฀฀z{{z฀฀wxwy{zB฀~{฀{w฀w฀{{฀z฀฀y{{D
W฀ {zy฀ ฀ £฀ yw{z฀ x฀ wxwyB฀ ฀ z{B฀ w||{y฀ ~{฀ xw฀ >{D}D฀ Y{B฀ HFFH?D฀
kw฀ ~{฀}~฀|฀ ¢w{฀ w}w{฀ ฀ |w{z฀ >w฀ z{฀ ฀ {฀ {y{?฀ wz฀ ~{฀
{{xw{฀y฀฀y~w}{฀|฀{฀~w฀}w{฀฀~฀{~฀¢฀฀{฀~w฀
{฀w}฀~y฀{~฀wD฀W~x฀w฀w฀wz{฀{฀y{w฀w฀|฀~{฀
{w฀|฀~y~฀~{฀w{฀w฀{฀ww฀x฀~}~฀{y฀wz฀z{~B฀wz฀~{฀zx฀
|฀w฀{y{฀฀y~w}{D฀h{zy{z฀w{฀ {{฀wz฀{y฀ {wz฀฀w฀ ฀|฀ {฀~wxwB฀
~y~฀w฀w||{y฀xw฀฀w฀{{D฀
c{~z฀|฀~{฀{ww฀|฀y~w}{฀฀£฀{}{฀
\฀y{wD฀j~{฀฀{฀฀yw¢yw฀{฀xw{z฀฀wwB฀|{{฀~ywB฀
£฀฀~{฀j{w฀{~z฀>j{wB฀GOML?B฀{{฀w฀yw{z฀~{฀cww฀{~zB฀~y~฀
{y¢{฀~w฀GF;฀|฀~{฀w{w}{฀£฀฀~{฀{฀฀|฀wwy฀|{฀wz฀IF;฀|฀~{฀w{w}{฀
£฀z{฀w฀w|wy฀{w฀{{D฀j~{฀j{w฀{~z฀w฀xw{z฀฀~zwy฀
zww฀|฀{{{฀kDiD฀{w฀>yz}฀{w฀฀cww?฀wz฀yz{w฀|฀~w฀w{฀
|฀{yB฀z{~฀wz฀z~฀{{฀{{z{z฀|฀w}฀wwy฀|{B฀~฀w฀|y฀฀¢~D
^yw฀£฀yw฀w฀x{฀{z฀฀z{¢{฀vw฀{y}yw฀wyy{wx{฀£฀{}{=B฀w~}~฀{฀
~z฀x{฀yw{|฀฀z}~฀x{{{฀{Cz{{{฀~yw฀£฀wz฀wy{z฀~yw฀
£B฀~y~฀w฀{฀w฀{z฀|฀{฀~w{฀w{{z฀~{฀y฀|฀xwD฀W~}฀{฀wD฀
>GOOH?฀z{yx{฀w฀v~y฀{~z=฀~w฀yz{฀฀฀~{฀w}z{฀|฀฀£B฀x฀w฀
~{฀}B฀zw฀wz฀|{{y฀|฀~}~฀£D฀iy~฀w฀£฀{}{฀z฀฀฀w฀xw฀
z}฀{{{฀z}~B฀x฀฀z฀w฀z{฀~{฀~}~฀£฀wz฀£฀wwx฀{{z{z฀฀
ww฀~{฀z{฀|฀~{฀{y{D
^wxw฀z{D฀^wxw฀z{฀z{yx{฀ {w~฀x{{{฀ ~{฀w{฀zy~w}{฀wz฀ ~{฀
xw฀|฀w฀{฀{wy~D฀c฀~wxw฀z{฀{฀{|{{y{฀zy{B฀~y~฀z{{{฀~฀wx{฀
w฀ }{฀ w฀ {{{฀ >{yB฀ z{~B฀ xw{?฀ ฀ |฀ y{w฀ {y{฀ wz฀ ~{฀ zzw฀
z{{{wE฀|{฀~฀w}{D฀j~{{฀z{฀~{฀yx{฀~{฀{฀|฀~zwy฀z{฀
~฀~{฀{|{{y{฀zy{฀฀zy{฀w{฀|฀{฀w{w฀{}~{z฀x฀~wxw฀w฀>{}~{z฀
wx{฀w{w?฀w฀w฀|y฀|฀£฀|฀w฀}{฀{y{฀wz฀|{฀w}{D฀
^oZhecehef^ebe]_YWb฀fh[iikh[i฀_d฀h_l[hi฀฀฀฀฀฀฀฀GJK
Y{฀|w{฀yz{P฀
©฀฀f^WXi_c฀>f~yw฀^wxw฀iwQ฀X{{B฀GONHQ฀c~฀{฀wDB฀GONO?B฀wz฀h^WXi_c฀
>h{฀^wxw฀iw?฀{z฀฀~{฀k{z฀iw{
©฀฀h^o^WXi_c฀>h{฀^zwy฀wz฀^wxw฀iwQ฀`{B฀GONO?฀{z฀฀d{฀p{wwz
©฀฀[l^W฀>[ww฀|฀^wxwQ฀f฀{฀wDB฀GOOK?฀{z฀฀\wy{
©฀฀YWi_c_h฀{z฀฀]{w฀>`z{B฀GOOM?
©฀฀hii฀>h{฀iw฀i{Q฀a}{฀wz฀^wxB฀GOOJ?฀{z฀฀dw
©฀฀^ WX_jWj฀{z฀฀~{฀d{~{wz฀>Z{฀{฀wDB฀HFFI?D฀
^wxw฀iwx฀_zy{฀>^i_?D฀f~yw฀^i_฀w฀{w฀|฀~wxw฀{|{{y{฀|฀w฀}{฀
{y{฀wz฀|{฀w}{฀฀~zwy฀ww{{฀y~฀w฀{yB฀z{~฀wz฀xw{D฀W฀{w{฀
฀}{฀฀\}{฀MDGD฀c฀^i_฀~w{฀x{{฀z{¢{z฀w฀ww{฀{{฀|y฀x฀{฀
y{฀ww{฀{w~฀w฀{฀>fww{y฀wz฀ZxwB฀HFFG?D฀j~{฀{w~฀
{wx~{z฀ x฀^i_฀ w{฀ {|฀ |฀ z{y฀ ฀ ~{฀ {y฀ |฀ {{w฀ ~wxw฀ ฀ ฀ ~{฀
{w฀|฀~wxwD฀
b_\[฀_z{D฀j~{฀b_\[฀z{฀>by฀_{{xw{฀z{฀|฀\฀[wwB฀[{y{฀{฀wDB฀GOOO?฀w฀
|w{z฀ ฀ {฀ ~{~{฀ ฀ ฀ x{฀ ฀ ฀ y~w}{฀ ฀ x{~y฀ {{xw{฀ y฀
y{฀~฀zy{฀|฀~yw฀{฀£฀w฀w฀}w}{฀y{฀฀~{฀w{฀{D฀j~{฀b_\[฀z{฀
yw฀ x{฀ ywyw{z฀ |฀ {y{฀ ฀ |wC{{฀ xC}฀ zwwD฀ [wy~฀ w฀ ฀ w}{z฀ w฀
{y฀{|{{y{฀|฀_฀฀l_฀>xw{z฀฀{w{฀zww?B฀wz฀¢{฀wxzwy{฀yw{}{฀w{฀{zD฀
_y฀฀~{฀v{y=฀{|{{y{฀฀{|{{y{฀฀wzwy{฀|฀฀xw{D฀W฀w฀฀~{฀
{z฀฀}{฀w฀yx{z฀y{฀|฀{wy~฀w฀฀~{฀w{฀|฀x{{{฀G฀wz฀GHD฀j~{฀y{฀|฀
w฀ww฀w{฀wzz{z฀}{~{B฀wz฀~{฀w{w}{฀y{฀฀~{฀b_\[฀z{D฀
_฀ ฀ w฀ ฀{฀ ~w฀ ~{฀ z{฀ ฀ {{y{z฀ ฀x{฀ {{฀ ฀ww฀wz฀w¢yw฀£฀
y~w}{Q฀฀~฀w฀w฀{y฀~~{฀฀x{฀{{zD฀[{y{฀{฀wDB฀GOOOB฀z{w{z฀~w฀
y{w฀{฀x{{{฀~{฀b_\[฀y{฀wz฀}฀w{w}{฀|฀~yw฀£฀>{D}D฀\}{฀MDH?D฀
b_\[฀฀y{฀x{}฀{z฀฀[}wz฀wz฀mw{฀w฀w฀|฀~{฀{{w฀|฀Ywy~{฀
Wxwy฀ cww}{{฀ iw{}{฀ wz฀ ~{฀ mw{฀ \w{฀ Z{y{฀ >i{฀ {฀ wDB฀ HFFHQ฀
Zxw฀{฀wDB฀HFFJ?D฀j~{฀b_\[฀z{฀฀w฀x{}฀{w{z฀฀~{฀ijWh฀{y฀wz฀฀{฀
฀£฀{{z฀>Zxw฀wz฀Yw{B฀HFFJ?D
\}{฀MDG฀฀^wxw฀wx฀zy{฀|฀฀z{{{w฀w}{฀|฀x฀฀>|฀Xz฀{฀wD฀GOOK?D
i
w
x

l{y฀>E?
G
FDN
FDL
FDJ
FDH
F
Wz
\E`{{
F฀ FDH฀ FDJ฀ FDL฀ FDN฀ G
i
w
x

Z{~฀>?
F฀ FDK฀ G฀ GDK
G
FDN
FDL
FDJ
FDH
F
Wz
\E`{{
GJL฀฀฀฀฀฀฀฀b_da_d]฀[Yebe]_YWb฀ijWjki฀e\฀ikh\WY[฀mWj[hi฀m_j^฀Wdj^hefe][d_Y฀fh[iikh[i
c{w฀£฀w฀z{D฀W฀w฀yy{z฀z{฀>c\h฀¤฀{w฀£฀w?฀~w฀x{{฀z{{{z฀
x฀~{฀[{฀W}{y฀|฀[}wz฀wz฀mw{฀฀ {w{฀£฀฀wy~{฀y{฀
>i{฀{฀wDB฀HFFH?D
MDK฀iw
Zw}B฀ w{฀ wxwyB฀ y~w{wB฀ z{z}}฀ wz฀ {{zCy}฀ yw{฀ w฀
~z~}yw฀{{฀฀{฀{y{D฀j~{฀{y}yw฀y{{y{฀|฀zw}฀w{฀
}{{w฀{฀P฀W฀{฀{wy~฀฀y~w}{z฀฀w฀{{฀wz฀~{฀{฀y฀฀x{D฀
j~{฀ {y}yw฀ y{{y{฀ |฀ w{฀ wxwy฀ wz฀ |฀ y~w}{฀ ฀ {฀ ~{฀
>y~w{wB฀z{z}}B฀wz฀{{z฀y}?฀w{฀฀฀{฀{{D฀^{{B฀~฀{z}{฀
฀฀|¢y{฀฀{wx~฀{ww฀{w~฀x{{{฀~{฀z{}{{฀|฀{{฀>~{฀{{฀
|฀w~}{y฀wy?฀wz฀~{฀wy฀฀{฀xw฀{{z{z฀|฀~{฀{{w฀|฀~{฀
mw{฀\w{฀Z{y{฀>m\Z?D
MDL฀h{|{{y{
W}{y{฀z{฀=[w฀wz฀c{฀z{฀=[{{D฀GOOND฀i[gCf~{P฀w฀i{฀|฀~{฀[ww฀|฀~{฀
f~yw฀gw฀|฀mw{y{B฀D฀GK฀
Ww฀`DZD฀GOOKD฀i{w฀[y}P฀iy{฀wz฀|y฀|฀}฀w{D฀Y~ww฀^wB฀bzB฀D฀INN
W~}B฀WD^DB฀`DcD฀a}B฀`D^D฀e=a{{||{B฀iD[D฀XB฀`DWD฀ZwB฀XD`D฀f{B฀XDhD฀X~zB฀wz฀hD฀j~w{D฀GOOHD฀
Z{{{฀|฀w฀~y฀wwy~฀|฀w{}฀{{w฀£฀{{{฀|฀{{฀{y{D฀
_P฀ `D`D฀f}wB฀wz฀XDfD฀^{฀ >[zD?฀mw{฀wyw฀|฀ ~{฀{{D฀j~{฀Y{{฀ |฀mw{฀fy฀
h{{wy~B฀k{฀|฀d{฀[}wzB฀Wzw{B฀D฀LOCML
XwwCf{z{{B฀WDB฀iD[D฀bw{B฀wz฀jD฀hD฀HFFID฀Y฀wz฀y~{฀|฀wy~{฀y{฀
฀w฀Zw~฀{w฀C฀£{y{฀|฀{{w฀|wy฀wz฀{{z฀y}D฀^zx}w฀JOKPGMGCGMO
X}}B฀XD`D\DB฀hD`D฀i{{B฀wz฀hDbD฀b{D฀GOOND฀W฀~wxw฀w฀yy{w฀z{฀|฀{w฀{~D฀
Wy~฀|฀^zx}{฀GJIPHGCKL
XzB฀ZD`DB฀]DmD฀b}~|B฀wz฀WDfD฀i{{D฀GOOKD฀cy~wxw฀{฀x฀}฀w฀wz฀฀฀w฀ka฀y~w฀
{wD฀fy฀_\c฀HK~฀Ww฀iz฀Y{B฀bwyw{B฀OOCGGJ
\}{฀MDH฀฀\฀wz฀~{฀b_\[฀y{฀฀~{฀mw~{฀X{y฀฀~{฀ka฀>zww฀|฀[{y{฀{฀wDB฀GOOO?D
NL฀ NN฀ OF฀ OH฀ OJ฀ OL฀ ON฀ FF
o{w
b_\
[฀i
y
{
Z
y~w
}{
฀>
I E
?
GFDFF
GDFF
FDGF
FDFG
FDFF
NDF
MDK
MDF
LDK
LDF
&LOW
,I FE฀3CORE
^oZhecehef^ebe]_YWb฀fh[iikh[i฀_d฀h_l[hi฀฀฀฀฀฀฀฀GJM
X{{B฀aDZD฀GONHD฀W฀}z{฀฀{w฀~wxw฀ww฀}฀~{฀ {w฀£฀y{{w฀{~z}D฀
_{w฀£฀|w฀w{฀GHB฀kDiD฀\~฀wz฀mz|{฀i{y{฀X}yw฀i{y{฀f}w฀\miEeXiC
NHEHLB฀D฀HJN฀
Y{B฀ aD`D฀ HFFHD฀ [||{y฀ |฀ £฀ {}w฀ wz฀ {z{฀ £~}฀ ฀ {w฀ ~wxw฀ wz฀ x{~y฀
{{xw{฀ ฀w฀d{฀p{wwz฀ {฀ £{y{z฀x฀w฀ywy฀{D฀h{฀h{{wy~฀wz฀Wyw฀
GNPHGICHHL
Z{wB฀ `DB฀ wz฀ `D\D฀ \}{D฀ GOOKD฀ Y~w}{฀ |฀ ~{฀ wy{{xw{฀ y{฀ ฀ ~{฀ zw{z฀ wz฀
xCw{z฀{y฀|฀~{฀\{y~฀k{฀h~{฀w|{฀{}wD฀h{}w{z฀h{P฀h{{wy~฀wz฀cww}{{฀
GFPHLKCHMO฀
ZxwB฀cD`DB฀WD฀_xxB฀_D฀]}B฀dD฀cyZ{B฀cD฀Wy{wB฀wz฀WD฀fz{D฀HFFGD฀\~{฀wzw฀|฀
f^WXi_c฀|฀~{฀~wxw฀{{{฀|฀wz฀¢~D฀[{฀W}{y฀h<Z฀h{฀mLCFILB฀Y{{฀
|฀[y}฀wz฀^z}B฀mw}|zB฀kaB฀D฀HGN฀
ZxwB฀cD`DB฀cDYD฀Wy{wB฀wz฀iD฀aD฀HFFJD฀[{w฀£฀{}฀฀[}wz฀wz฀mw{฀¤฀iw{}{฀
|฀ww}}฀wxwy฀฀ywy~{D฀Y_m[c฀`w฀GNPKCGF
ZxwB฀cD`DB฀wz฀hDjD฀Yw{D฀HFFJD฀]{{w{z฀b_\[฀{{฀y{D฀Y{{฀|฀[y}฀wz฀^z}฀
>Y[^?฀h{฀฀[{฀W}{y฀
Z{B฀^DB฀]D[DcD฀w฀z{฀b{{B฀mD[D฀f{}B฀wz฀cD`D฀XwD฀HFFID฀^wxw฀z{}฀|฀{฀wz฀w{฀฀
~{฀d{~{wzP฀w฀{y{฀wwy~D฀Ywwzw฀mw{฀h{y{฀`w฀HNPHIGCHJN
[{y{B฀YDWDB฀ZDcD฀XwxB฀wz฀hDfD฀Y~wzzD฀GOOOD฀h{฀£฀z{}฀}฀X~฀x{~y฀wy{{xw{P฀
w฀|w{฀|฀{}฀~z{y}yw฀x{y{D฀h{}w{z฀h{P฀h{{wy~฀wz฀cww}{{฀GKPKJI¤KMJ
\{y~~wy{B฀jDB฀wz฀aD฀a{D฀HFFHD฀[y~}yw฀i{฀|฀bw}{฀h{D฀]{w฀\{z{w฀_{฀|฀
^z}B฀f|wy~฀HFF฀HKIB฀ZCKLFFH฀ax{B฀D฀JG฀
\}{B฀ `D\D฀GOOGD฀j~{฀ wy฀|฀ {฀ {}w฀฀~{฀ y฀wy{{xw{฀y{฀|฀ ~{฀ {฀
h~{B฀\wy{D฀h{}w{z฀h{P฀h{{wy~฀wz฀cww}{{฀LPHJGCHKK
]w{B฀ fDB฀ wz฀ `DWDXD฀XwD฀GOOLD฀ j~{฀{||{y฀|฀{{z฀ y}฀฀ ~{฀xw฀|฀w฀ w}{฀ {}w{z฀ {D฀
Wwy฀Y{wP฀cw{฀wz฀\{~w{฀[y{฀LPHGCHO
]{฀fDiDB฀wz฀XD฀cwD฀GOOOD฀j~{฀X}฀|฀i{w฀wz฀h{D฀e|z฀k{฀f{B฀D฀ILN฀
]B฀_DeDB฀wz฀` D[D฀]D฀HFFGD฀[y}yw฀{||{y฀|฀£฀{}w฀฀wy{{xw{฀wz฀{~y฀
zw฀w{xw}{฀฀~{฀^ w{xCd{{w฀h{B฀WwwD฀h{}w{z฀h{P฀h{{wy~฀wz฀cww}{{฀
GMPHMKCHOI
^{B฀aD]DB฀wz฀fDiD฀bw{D฀GONID฀\~฀|฀y~w{{z฀wz฀y~w{{z฀{y฀|฀~{฀X฀h{B฀lywD฀
Www฀`w฀|฀cw{฀wz฀\{~w{฀h{{wy~฀IJPJJGCJKF
`z{B฀aD฀GOOMD฀}y~฀x{}z{{B฀zwy~{฀cz{w{{}{}{฀x{฀W{}w|{{฀
>[y}Cxw{z฀ zwy฀ ฀ w{฀ {{{฀ {}w฀ |฀ zy~w}{฀ |฀ {฀ wB฀ ฀
]{w?D฀c{}{฀z{฀_฀|฀mw{xwB฀^{|฀OFB฀k{
฀i}wB฀D฀GKK฀
`{B฀ _D]D฀ GONOD฀ h{฀ ~zwy฀ wz฀ ~wxw฀ wB฀ h^o^WXi_c฀ y{฀wwD฀d{฀ p{wwz฀
\~{{฀cy{w{฀h{฀JOB฀c฀|฀W}y{฀wz฀\~{{B฀Y~y~y~B฀d{฀p{wwzB฀D฀IO฀
a}{B฀DB฀wz฀WD฀^wxD฀GOOJD฀cC{฀w}฀~฀ ~{฀ {฀ {฀w฀¤฀w฀z{y฀
฀ {฀ |฀ w{฀ {y{฀ w}฀ wz฀ {wD฀ _P฀ fy{{z}฀ |฀ ~{฀ ¢฀ {ww฀
฀฀~wxw฀~zwyB฀d{}w฀_{฀|฀j{y~}B฀jz~{
c~B฀hDjDB฀cDWD฀kz{B฀wz฀ZDcD฀iy~{z{D฀GONOD฀f~yw฀~wxw฀w฀{฀{|{{y{฀ww฀C฀
{฀__D฀_{w฀£฀|w฀w{฀HLD฀k{z฀iw{฀\~฀wz฀mz|{฀i{y{B฀\฀YB฀Ywz
c~wB฀ iDB฀ cD฀ awB฀ cD฀ aw|wB฀ wz฀ cD฀ iy~wD฀ GOOLD฀ W{}£{¢y~฀ {~w{{฀
\{}{
{wxy~{฀฀{{y~฀C฀{{y~y~{฀Xz{}{
{฀>_฀]{w?D฀Xcb\B฀mw{y~w
|ww{D฀m{B฀D฀GML
c~wB฀iDB฀cD฀awB฀wz฀cD฀iy~wD฀GOOND฀W{}£{¢y~฀{~w{{฀\{}{
{wxy~{฀
฀{{y~฀¾฀\{}{
{฀฀{{฀[}}{x{฀TKFF฀H฀~{฀Xz{£{฀>_฀]{w?D฀Xcb\B฀
Xck`\B฀mw{y~w|ww{B฀m{B฀D฀GMM฀
fww{yB฀fDB฀wz฀cD`D฀ZxwD฀HFFGD฀f~yw฀^wxw฀cz{}฀|฀\~P฀W฀z{{}฀wwy~D฀bw}{฀
h{฀GHPHCJ
GJN฀฀฀฀฀฀฀฀b_da_d]฀[Yebe]_YWb฀ijWjki฀e\฀ikh\WY[฀mWj[hi฀m_j^฀Wdj^hefe][d_Y฀fh[iikh[i
f{z{{B฀cDbDB฀ wz฀ WD฀ XwwCf{z{{D฀ HFFID฀ Â}฀ {}}฀ ฀ wzÈx฀ }฀ ฀ wzÈxÅ{฀
w{w{฀z{฀delWdW฀HFFJCHFFO฀>_฀Zw~?D฀j{฀W}฀|w฀Zck฀D฀HGD฀dww฀[{w฀
h{{wy~฀_{B฀D฀GHN฀
f฀cDB฀iD฀lw{B฀^ D฀YwwB฀lD฀]B฀wz฀oD฀iy~D฀GOOKD฀d{฀{y~{P฀c~z{฀z{฀y~wxwP฀
y{฀ {฀ y{฀ z=wyw฀ >j{y~yw฀ {P฀ cy~wxw฀ {~zP฀ fy{฀ wz฀ y฀ |฀
wywB฀฀\{y~?D฀X{฀\wÌw฀z{฀w฀fy~{฀{฀z{฀w฀fyy{฀IILPJGCKJ
hw{B฀ fD`DB฀ dDjD^฀^{B฀ \D^D฀ZwB฀ fD`DWD฀ \B฀cD฀ [{wzB฀ _DhD฀ \wzB฀ wz฀aD`D฀ h{D฀ GOOND฀ h{฀
^wxw฀gw฀C฀j~{฀~yw฀y~wwy{฀|฀{฀wz฀{w฀฀~{฀ka฀wz฀~{฀_{฀|฀cwD฀[{฀
W}{yB฀XB฀D฀NL
i{B฀hDB฀aD฀Wwz{B฀iD฀gB฀dD฀^{B฀wz฀ZD฀iD฀HFFHD฀h{y{฀W{{฀wz฀cww}{{฀
\w{฀h{฀wz฀k{฀cww฀>l{฀I?D฀[{฀W}{y฀hwzZ฀j{y~yw฀cww฀mLCFLLcD฀
[{฀W}{yB฀XB฀ka
j{wB฀ZDbD฀GOMLD฀_{w฀\฀h{}{฀|฀¢~B฀z|{B฀{y{w฀wz฀{w{z฀{{w฀{y{D฀
\~{{฀GPLCGF
m{~B฀mD฀GONMD฀e~}y~{฀]{w{x{{}฀>[y~}yw฀{฀|฀{wB฀฀]{w?D฀
e{{y~y~{฀mw{y~w|฀IOPGHHCGHN
